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The synthesis of such anthraquinones, 55a, 55c, and 55d, via intramolecular
tandem Heck coupling of dihalo ketone 54, with terminal alkynes are described. The
synthesis of ketone 54 was accomplished in three steps from commercially available 2-
bromobenzaldehyde 50. Tricyclic compounds with similar structural backbone as 55 are
known to play a significant role in the treatment ofvarious mental and physical disorders
such as depression and Parkinson’s disease. The Heck coupling reaction of dihalo
hydroxy ketone 51 and dihalo diketone 52 with trimethylsilyl acetylene is also described.
Compounds 51 and 52 were synthesized from the benzoin condensation reaction of
aldehyde 50. Several attempts to synthesize 2,2’-acetylene substituted ketones, which are
precursors to antitumor antibiotic model compounds, from 54 are described in this text.
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CHAPTER 1
STATEMENT OF THE PROBLEM
The cyclic version of the Heck reaction has found extensive use in the construction
ofvarious natural products and other functionalized ring systems and fused and spiro-
flised systems.* This cyclic carbopalladation process is reported to have been applied to
the synthesis of functionalized fluorenyl derivatives.^ The aim of this project is to
determine a method to construct anthraquinones in one step. An intramolecular Heck
reaction was thus employed to form such anthraquinone rings from dihalo aryl ketones
(shown below).
Br O Br
Tricyclic compounds of such structural backbone are ofgreat interest to chemists both as
pharmacologically active natural products and important synthetic substances. Ofparticular interest are
compounds known as tricyclic pharmaceuticals which have found extensive use in treatment ofvarious
mental and physical disorders.^ Such drugs include Clopipazan* and Calmixem*
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CHAPTER 2
LITERATURE REVIEW OF ANTHRAQUINONES
2.1 Preparations
2.1.1 Friedel - Crafts Condensation
The classical anthraquinone synthesis involves double Friedel-Crafts condensation of
phthalic acid or derivatives with substituted phenols or phenol ethers.*’”* Figure 2.1 shows
the synthesis of anthraquinone 5 from the Friedel-Crafts condensation ofphthalic acid
derivatives 1 or 2 with di-aryl ether.




The directed metalation ofN,N-dialkylbenzamides has been used as the key step in
the synthesis ofvarious naturally occurring anthraquinones. This method is regioselective,
short, and allows the introduction ofdiverse substituents into aromatic substrates ortho to
certain functional groups.'’*’^ The synthesis of anthraquinone 10 by this method is shown
in Fig. 2.2.
Figure 2.2. Synthesis ofAnthraquinones via Directed Metalation
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2.1.3 Oxidation ofArenes with Hydrogen Peroxide
Various para-quinones have been synthesized from hexafluoroacetone hydrate
catalyzed oxidation of aromatic hydrocarbons with aqueous hydrogen peroxide as shown
in Fig 2.3. Oxidation of compound 11 by this method afforded compounds 12,13, and
14 in 22%, 47%, and 4% yields, respectively.
Figure 23. Synthesis of Anthraquinones via Oxidation ofArenes
Hexafluoroacetone hydrate is converted with hydrogen peroxide to 2-
hydroperoxyhexafluroro-2-propanol by exchanging a hydroxy for a hydroperoxy group.
This hydroperoxy alcohol possesses sufficient oxidation power to serve directly as
oxygen transfer agent to the arene substrates.®
2.1.4 Pd-Cu Catalyzed Oxidation of Anthracenes
Oxidation of9,10-dihydroanthracene has been performed under O2 and CO
atmospheres in the presence ofPdCl2-CuCl2 catalysts to give the corresponding
anthraquinone (Fig. 2.4).
5
Figure 2.4. Pd-Cu Catalyzed Synthesis of Anthraquinones
Although the precise mechanism of this oxidation process is not fully imderstood,
it is believed to involve the transfer of a hydroxycarbonyl group from CuCOOH, formed
from the reaction ofCu with CO2 and H2O, to Pd followed by the loss ofCO2 to give
PdH species. The O atom is then transferred to a substrate from PdCX)H species derived
from PdH species and O2.’ A schematic flow chart of this proposed mechanism is shown
in Scheme I.
Scheme L Flow Chart of Pd-Cu Catalyzed Synthesis ofAnthraquinones
CXD









2.1.5. Photolysis ofortAo-Formyl Aromatic Aldehydes
Another route to the synthesis of anthraquinones involves the irradiation of ortho-
benzoylbenzaldehyde in benzene. The major product in this reaction is 3-




Figure 2.5. Synthesis of Anthraquinones via Photolysis ofAromatic
Aldehydes
2.2 The Heck Reaction
The formation of carbon-carbon bonds by way ofthe Heck reaction has found
widespread applications in organic synthesis.^^*^ This reaction involves a coupling
process in which the R group in RPdX (X = halide or acetate) replaces a vinylic or allylic
hydrogen with a carbon group. The reaction is thought to proceed via carbopalladation.
7
the process involving the addition of a carbon-palladium bond to carbon-carbon multiple
bonds ofalkenes, alkynes, and other unsaturated carbon molecules, followed by
decarbopalladation, which involves removal of the palladium species,^*°’‘^*‘* (Scheme II).
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Both carbopalladation and decarbopalladation are believed to be strictly syn processes, so
that there is inversion of configuration at the carbon atom where substitution takes
places.'®’ (Schemem)
Scheme HI. Syn addition in Carbopalladation and Decarbopalladation
RPdX
jlPdX




It has been reported, however, that when the preferred cis-hydride elimination cannot
occur for steric reasons, a trans-elimination process can take place as shown in Fig. 2.6.'*
ClPd-
[ArPdCI] CO—101]—0>-Ar Pd + HCI
23 24 25
Figure 2.6. Example of rra/ts-Carbopalladation Process
8
The rate of the Heck reaction is influenced by the nature of the substitution on the aryl
halide and by the identity of the halide group.^ Electron-donating substituents
accelerate the reaction and electron-withdrawing substituents retard the reaction due to
the electrophilic nature of organopalladium n derivatives.^ It is reported that the activity
of the catalyst could be improved by addition ofCul as a cocatalyst.
2.2.1 Cyclic Heck Reaction
The cyclic Heck reaction has been widely applicable to the synthesis of common (5
to 7 membered) rings and to the construction of fused, spiro-fiised, and bridged bicyclic
and polycyclic ring systems,^ (Fig. 2.7).
Figure 2.7. Synthesis of 5-Membered Rings via Cyclic Heck Reactions
The mechanism of the coupling reaction between 1-alkynes and sp^-carbon halides
appears to involve three steps.^ First the palladium (H) complex is reduced to a
palladium (0) species followed by oxidative addition of the organic halide to the palladium
(0) species. The resulting complex is then alkylated to give an aryl palladium (H)
derivatives which will undergo a reductive elimination reaction to afford the desired cross-
coupled product. When a palladium (E) complex is used as the catalyst precursor, 1,4-
9
disubstituted 1,3-butadiynes are formed along with the desired compounds/^ The reaction









Figure 2.8. Formation of 1,4-Disubstituted l^Butadiene via the Heck
Reaction
2.2.2 Cyclopropanation and Cyclobutanation
Recently, the cyclic Heck reaction has been applied to the formation of
cyclopropanes.^^’’*’^^ Unlike the formation ofcommon rings, that of cyclopropanes via
cyclic carbopalladation is readily reversible. Cleavage of the carbon-carbon bond formed
via cyclic carbopalladation results in the reversibility of the reaction, whereas cleavage of
the other carbon-carbon bond results in the formation of a new homoallylpalladium
species, which can undergo y^limination to give a cyclization product.^ If the
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homoallylpalladium species is conformationally rigid, the intermediates can be isolated as
cyclopropane derivatives as shown in Fig. 2.9.
Figure 2.9. Example of Cyclopropanation Reaction
In contrast to cyclopropanation, cyclobutanation appears to be very slow, and it
generally does not compete with other more favorable processes.^ In the absence of
other competing processes, cyclobutanation proceeds to give cyclobutane derivatives as




Figure 2.10. Example of Cyclobutanation Reaction
2.2.3 Synthesis ofMedium Rings
Though very rare, the cyclic Heck reaction has also been employed in the synthesis
ofmedium (eight through twelve membered) rings as shown in Fig. 2.11.^
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Figure 2.11. Palladium Catalyzed Synthesis of a 10-Membered Ring
The reaction is thought to be facilitated by the high rigidity of the cyclization precursors.^
Large (13-membered and larger) rings have also been formed by the cyclic Heck reaction,
which takes place under dilute solution conditions to give detectable products as shown in
Fig. 2.12.^
Figure 2.12. Palladium Catalyzed Synthesis of a 13-Membered Ring
The Heck coupling reaction is unsuitable for the preparation ofdialkyl acetylenes, because
saturated alkyl halides are unsuitable electrophiles as /?-elimination reactions compete
Avith coupling.Nevertheless, iodocubanes have recently been reported to react with 1-
alkynes to give alkynyl-1, 3,5,7-cyclooctatetraenes as shown in Fig 2.13.^^
Figure 2.13. Synthesis ofDialkyl Acetylenes via Heck Coupling Reactions
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lodocubanes are characterized by carbon having high percentage of5-character and
undergo to >^elimination reaction most dfficultly.
2.2.4 Application to Natural Product Synthesis
The cyclic version ofthe Heck reaction provides attractive routes to common and
large rings, and it has recently been applied to the synthesis ofnatural products and other
related complex molecules.^ In this study, modified Heck reaction conditions were
employed to develop poly-fimctionalized anthraquinone systems, compounds with
potential medicinal use. Its tolerance to the presence of several types of functional groups
has proven the Heck reaction to be very useful for the efiBcient and convenient synthesis of
a large variety of carbocycles and heterocycles including biologically active compounds.
It has proved to be extremely useful for the synthesis ofkey intermediates for a large
variety of naturally occurring substances which include powerful antitumor agents such as
geiparvarin® (45), and fi-edericamycin* (46).^^
45
46
Figure 2.14. Example ofNaturally Occurring Antitumor Agents
The tandem sequence of the Heck reaction has also been applied to the synthesis of
neocarzinostatin model compounds (Fig. 2.15) and other enediyne anticancer antibiotics.*^
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Figure 2.15. Palladium Catalyzed Synthesis of Neocarzinostatin Model
Compounds
In this report, tlie palladium catalyzed coupling reaction between aryl halides and
terminal alkynes was applied as an efficient route to the synthesis ofanthraquinone





All IR spectra were recorded on aNicolet Impact 400 FT-IR and were taken as neat oil
using a AgCl plates. H* and NMR spectra were recorded on a Bruker 400 MHz
spectrometer as CDCI3 solutions. The chemical shifts are expressed in parts permillion
(ppm) relative to internal tetramethylsilane (0.00 5) for H’ NMR and for NMR
relative to CDCI3 (77.00 6). GC-MS spectra were recorded on a Hewlett Packard model
HP 5890 at 70 eV. Reactions were monitored by thin-layer chromatography (TLC) using
flexible pre-coated polyester plates of 250 pm thickness silica gel with a fluorescent
indicator.
3.2. Purification of Reagents
Unless otherwise noted, all starting materials were obtained from commercial suppliers
and used without further purification. Tetrahydrofuran (THF) was distilled under
nitrogen with sodium/ benzophenone. Hexane was distilled and collected over molecular
sieves. Flash chromatography was performed with silica gel (35-70 pm, 60-A pore) and
thin-layer chromatography was performed using pre-coated glass plates of 1000 pm




A solution containing 2-bromobenzaldehyde (50) (10 g, 54 mmol), potassium cyanide
(0.35 g, 5.4 mmol), water (6 mL) and ethanol (7.2 mL) was heated to
reflux for 48 hours. The reaction mixture was then extracted 3 times with
dichloromethane. The combined organic layers were washed with brine (20 mL), dried
over magnesium sulfate and filtered. The solvent was removed on a rotary
evaporator affording a bright yellow oil which was purified by silica gel chromatography
using dichloromethane / Hexane (2:1) as eluent, obtaining a pale yellow solid which was
then recrystallized from hexane to afford compound 51 (6.4 g, 64%). mp 84-86 °C; IR
(neat, cm’’) 3473,3072,1709, 1591,1472,979,762; ‘H NMR (400 MHz, CDCI3) □
7.60-7.10 (m,8H), 6.30 (s,lH) ppm; NMR (400 MHz, CDCI3) □ 201.34,137,39,
136.16, 133.48, 133.04,132.08, 130.10, 129.24, 128.81, 127.83, 126.87, 124.09, 119.58,
77.20. Compmmd 52 (1.1 g, 11.1%) was also formed as a by product.1.2-Bis-(2-BromO“Phenyl)-Ethane-1^-Dione (52)
A solution containing crude benzoin 51 (4.98 g) and nitric acid (14 mL) was heated on a
boiling water bath while stirring for two hours. The reaction mixture was then poured
onto ice water (100 mL) and stirred for 20 hours until the oil crystallized as a yellow
solid. The crude benzil was filtered and washed thoroughly with water to remove the
nitric acid. The solid product was recrystallized from ethanol to give compound 52 (1.12
g, 23%) as yellow crystals, mp 136-137.2 °C; IR (neat, cm *) 3091,1674,1591,1438,
16
1032, 752; ‘H NMR (400 MHz, CDCI3) 5 8.00-7.98 (dd, 2H, Ji= 2.30 Hz, 2.10 Hz),
1.10-1.6Z (dd, 2H, Ji= 1.50 Hz, Jf= 1.70 Hz), 7.51-7.35 (m, 4H) ppm; NMR (400
MHz, CDCI3) 6 191.12, 134.52, 134.43, 133.31, 127.60, 123.15.
Bis-(2-Broino-Phenyl)-Methanol (53)
A solution containing l,2-bis-(2-bromo-phenyl)-2-hydroxy-ethanone (51) (5 g, 13.6
mmol), potassium bromate (0.35 g, 2.09 mmol), sodium hydroxide (1.3 g, 32.5 mmol) and
water (20 mL) was heated to reflux for 24 hours. The reaction mixture was then acidified
with 4N sulfuric acid (40 mL) and extracted with dichloromethane. The organic layer was
washed with brine, dried over magnesium sulfate, and filtered. The solvent was removed
on a rotary evaporator obtaining 4.45 g ofcrude product. This crude material was used in
the next step without fiarther purification.
Bis-(2-Bromophenyi)-Methanone (54)
A solution containing the crude product 53 (2.19 g), pyridinium chlorochromate (1.89 g,
8.77 mmol), and celite (1.42 g) in dichloromethane (40 mL) was stirred at room
temperature for 20 hours. The solution was then filtered through silica gel. The solvent
was removed by rotary evaporator recovering 2.4 g of crude product 54 which was
recrystallized fi’om hexane/ether (1:1). Compound 54 was obtained as a white solid (1.0
g, 46%). mp 86.2-87.5 °C; IR (neat, cm'*) 3085, 3060, 1679, 1590, 1439, 1294, 1035,
928, 777, 745; NMR (400 MHz, CDCI3) 5 7.66-7.64 (m, 2H), 7.47-7.44 (m, 2H),
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7.38-7.35 (m, 4H); ‘^C NMR (400 MHz, CDCI3) 5 195.28, 139.26, 134.07, 132.55,
131.28, 127.32, 121.12.
10-( l^Bis-TrimethyIsilanyl-Prop-2-ynylidene)-1OH-Anthracen-9-one (55a)
A solution containing ketone 54 (1.5 g, 4.4 mmol), palladium acetate (0.0396 g, 0.176
mmol), triphenylphosphine (0.046 g, 0.17 mmol), trimethylsilyl acetylene (3.74 mL,
26mmol), and triethyl amine (20 mL) was heated to reflux for 24 houre. The reaction
mixture was then filtered and the solvent evaporated on a rotary evaporator. The resulting
crude oil was dissolved in dichloromethane, washed with water and brine, dried over
magnesium sulfate, and filtered. The obtained product was purified via silica gel
chromatography using hexane: dichloromethane (2:1) as eluents. The resulting yellow
solid was recrystallized fi'om cyclohexane to give compound 55a (0.91g, 62%). mp
148.3-149.7 °C; JR (neat, cm'*) 3067,2962, 2899, 2110, 1675, 1606, 1470, 1314, 1252,
1091, 935, 848; ‘H NMR (400 MHz, CDCI3) 6 8.74 (d, IH, J= 7.80 Hz), 8.16 (d, IH, J
= 7.70 Hz), 8.12-8.10 (dd, IH, J, = 6.56 Hz, = 5.08 Hz), 7.65-7.38 (m, 5H), 0.23 (s,
9H,), 0.14 (s, 9H,) ppm; NMR (400 MHz, CDCI3) 5 185.26, 150.05, 140.59, 139.90,
132.24, 131.41, 131.28, 131.02, 129.28, 128.19, 127.88, 127.77, 127.58, 126.76, 126.48,
110.85, 108.05, 1.35, -0.05; Elem. Anal, calcd. for C23H26Si20 C 73.74, H 7.00. Found C
73.88, H 7.04
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Attempted Synthesis of 10-(Bromo-TrimethylsiIanyl-MethyIene)-10H-Anthracen-9-
one (55b)
A solution ofbis-(2-bromo-phenyI)-methanone 54 (0.11 g, 0.324 mmol), palladium
acetate (0.0029 g, 0.0129 mmol), triphenylphosphine (0.0034 g, 0.0129mmol),
trimethylsilyl acetylene (0.05 mL, 0.356 mmol), and triethylamine (20 mL) was heated to
reflux for 24 hours. The reaction mixture was then filtered and the solvent evaporated on
a rotary evaporator. The resulting crude oil was purified by preparative TLC eluting with
dichloromethane / hexane (2:1) and the resulting product recrystallized fi'om ethanol.
Spectroscopic analysis of the product showed that the expected compound 55b was not
obtained. Spectroscopic data indicated that the product formed was compound 55a.
Attempted Synthesis of l-(8-Phenyl-5,7-Bis-TrimethylsilanyI-Naphthalen-l-yI)-
Ethanone (56)
Ketone 55a (30 mg, 0.08 mmol) dissolved in dichlorobenzene (5 mL) was refluxed for 3
days. The reaction was followed by TLC. Analysis of the crude showed that no
cyclization occurred and 82% of the initial starting material was recovered, unreacted, the
reacted portion of the reaction mixture was not identified.
10-(l^Diphenyl-Prop-2-Ynylidene)-10H-Anthracene-9-one (55c)
A solution containing ketone 54 (0.17 g, 0.513 mmol), palladium acetate (0.0046 g, 0.021
mmol), triphenylphosphine (0.0054 g, 0.021 mmol), and phenyl acetylene (0.23 mL, 2.05
mmol) in triethylamine (30 mL) was heated to reflux for 24 hours. The reaction mixture
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was filtered and the solvent evaporated on a rotary evaporator. The resulting crude oil
was dissolved in dichloromethane, washed with water, brine, dried over magnesium
sulfate, and filtered. The crude product was purified by preparative TLC eluting with
hexane : dichloromethane (1:1) to afford 55c (0.15 g, 76 %). mp 181-182 "C; BR (neat,
cm’*) 3067, 3030, 2259, 2191, 1662, 1606, 1495, 1314, 1289, 917, 767, 699; NMR
(400 MHz, CDCI3) 5 8.85 (d, IH, J= 7.94 Hz), 8.28-8.26 (dd, IH, = 1.14 Hz, =
1.08 Hz), 8.16-8.14 (dd, IH, Ji = 0.00 Hz, = 0.75 Hz), 7.69 (t, IH, Ji = 8.41 Hz, J2 =
6.97 Hz), 7.55 (t, IH, Ji = 73S Hz, = 7.46 Hz), 7.44-7.42 (dd, 2H, J, = 2.45 Hz, J2 =
1.96 Hz), 7.34-7.32 (t, 3H, J, = 2.79 Hz, ^2 = 3.68 Hz), 7.30 (s, 6H), 7.06 (t, IH, J, =
7.61 Hz, 72 = 7.04 Hz), 6.95 (d, IH, 7= 7.95 Hz) ppm; NMR (400MHz, CDCI3) 6
185.12, 140.35, 139.09, 138.03, 136.14, 132.77, 132.35, 131.47, 131.09, 130.30, 129.96,
128.87, 128.51, 128.44, 128.34, 127.86, 127.59, 126.68, 126.58, 125.27, 123.06, 99.70,
92.13; Elem. Anal. Calcd. for C29H18O C 91.07, H 4.74, Found C 89.88, H 5.13.
10-(l-Butyl-Hept-2-YnyIidene)-10H-Anthracene-9-one (55d)
A solution containing bis-(2-bromophenyl)-methanone (0.1 g, 0.29 mmol), palladium
acetate (0.0086 g, 0.038 mmol), triphenylphosphine (0.009 g, 0.034 mmol), copper iodide
(0.0024 g, 0.0118 mmol), 1-hexyne (0.6 mL, mmol), and triethylamine (20 mL) was
heated to reflux for 10 days. The reaction mixture was filtered and the solvent was
evaporated on a rotary evaporator. The crude product was dissolved in dichloromethane,
washed with water, and dried over magnesium sulfate. The crude product was purified by
silica gel chromatography eluting with hexane to afford 55d in (0.039 g 40%).
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m (neat, cm'^) 3067, 2962, 2875, 2209, 1669, 1600, 1470, 1302, 935, 780; ‘H NMR
(400 MHz, CDCI3) 5 8.63-7.32 (m, 8H), 2.64-2.35 (m, 4H), 1.75-1.23 (m, 17H);
NMR (400 MHz, CDCI3) 5185.77, 140.46, 139.09, 134.79, 134.48, 133.27, 132.46,
131.18, 131.12, 128.23, 128.18, 127.99, 127.72, 127.69, 127.61, 127.28, 126.56, 100.21,
82.78, 36.37, 32.11, 30.79, 22.90, 22.47, 20.05, 14.28, 13.97.
4-Prop-2-Ynyl-Morpholine (59)
To a solution ofmorpholine (57) (5 mL, 57.47 mmol) in dry diethyl ether (20 mL) was
added propargyl bromide (58) (2.36 mL, 26.5 mmol) dropwdse. After addition was
complete, the reaction mixture was stirred for 1 hour. The reaction mixture was then
cooled in an ice water bath and was filtered by suction. The residue was washed with dry
diethyl ether. The ethereal solution was concentrated and the filtrate was distilled by
vacuum distillation to afford 59 in a (2.22 g, 67%) as a clear oil.
Attempted Synthesis of 10-(4-Morpholine-4-yl-l-Morpholin-4-yl-Methyl-But-2-
Ynylidine)-!OH-Anthracen-9-one (55e)
A solution containing bis-(2-bromophenyl) methanone (54) (0.1 g, 0.29 mmol), palladium
acetate (0.0013 g, 0.005 mmol), triphenylphosphine (0.0015 g, 0.005 mmol), 4-prop-2-
ynyl-morpholine (55e) (0.15 g, 1.18 mmol), and triethylamine (30 mL) was heated to
reflux for 48 hours. The solution was filtered and the solvent was removed by rotary
evaporator. Analysis of the crude indicated that no reaction occurred. The crude was
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purified by thin layer chromatography eluting with hexane: chloroform (1 : 1). Ketone 54
was recovered (0.064 g, 64%).
1,2-Bis-(2-TrimethyIsilanyl)-£thaDe-l,2-Dione (60)
A solution containing l,2-bis-(2-bromo-phenyl)-ethane-l,2-dione (52) (0.2 g, 0.54 mmol),
palladium acetate (0.0049 g, 0.022 mmol), triphenylphosphine (0.0057 g, 0.022 mmol),
trimethylsilyl acetylene (0.46 mL, 3.26 mmol), and triethylamine (30 mL) was heated to
reflux for 24 hours. The solution was then filtered and the solvent removed by rotary
evaporator. The crude was dissolved in dichloromethane, washed with water, brine, dried
over magnesium sulfate, and filtered. The crude product was purified by silica gel
chromatography eluting with hexane: dichloromethane (1:2) and recrystalized firom
hexane to afford 60 in (0.12 g, 55.7%) as a yellow crystalline solid, mp 122.8-124.5 “C;
m (neat, cm*‘) 3067, 2968, 2899, 2166,1681, 1594, 1482, 1258, 1202, 879, 848; ‘H
NMR (400 MHz, CDCI3) 5 8.07-8.05 (dd, 2H, J, = 0.93 Hz, 7^ = 1.19 Hz), 7.61-7.46 (m,
6H), -0.30 (s, 18H) ppm; NMR (400 MHz, CDCI3) 6 192.22, 136.05, 134.23, 132.99,
130.38, 128.59, 124.89,104.75, 102.82, -1.12; Elem. Anal. Calcd. for C24H26Si202 C
71.59, H 6.51, found C 71.50, H 6.52
Attempted Synthesis of 2-Hydroxy-l,2-Bis-(2-Trimethylsilanyi-Ethynyl-Phenyl)-
Ethanone (61)
A solution containing bis-(2-bromo-phenyl)-methanol (52) (1.5 g, 4.07 mmol), palladium
acetate (0.0182 g, 0.0813 mmol), triphenylphosphine (0.021 g, 0.0813 mmol).
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trimethylsilyl acetylene (2.3 mL, 16.3 mmol), and triethylamine ( 40 mL) was refluxed for
20 hours. The reaction mixture was filtered and the solvent removed on a rotary
evaporator. The crude product was dissolved in dichloromethane, washed with water,
dried over magnesium sulfate, and filtered. The crude product was purified by silica gel
chromatography eluting with hexane: dichloromethane (1:2) and by recrystalizing fi-om
ethanol. Analysis of the product showed that the expected compound 61 was not
obtained. Spectroscopic data indicates that the product formed was compound 60 (0.57
g, 35%) as a pale yellow crystalline solid, mp 122-124 °C; IR (neat, cm'*) 2955, 2899,
2166, 2129, 1681, 1594, 1252, 848, 761; *H NMR (400 MHz, CDCI3) 5 8.06-8.04 (dd,
2H, Ji = 0.91 Hz, J2 = 1.13 Hz), 7.61-7.46 (m, 6H) ppm; NMR (400 MHz, CDCI3) 5
192.21, 136.04, 134.23, 132.99, 130.37, 128.59, 124.89, 104.75, 102.81, -1.12.
Miscellaneous Reactions
l,l-Bis-(2-Bromo-Phenyl)-4-Methyl-Pent-4-en-2-yn-l-oI (63)
A solution of2-methyl-1-butene-3-yne (62) (0.13 mL, 1.42 mmol) in dry THF (20 mL)
was cooled to -78 “C. Butyllithium (0.53 mL, 1.07 mmol) was added to the solution via
syringe and the reaction mixture was stirred for 30 minutes at -78 °C. bis-(2-Bromo-
phenyl)-methanone (54) (0.1208 g, 0.36 mmol) dissolved in THF (10 mL) was added via
syringe and the solution was stirred for 45 minutes at -78 °C followed by 20 hours at room
temperature. The reaction mbrture was then poured on ice water, extracted with diethyl
ether, dried over magnesium sulfate, and filtered. The solvent was removed on a rotary
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evaporator. The crude product was purified by silica gel chromatography eluting with
hexane : chloroform (1: 1) to give 63 (0.13 g, 87.6%) as a pale yellow oil. IR (neat, cm’
3533, 3067, 2962, 2930, 2868, 2222,1725, 1575, 1470, 1439, 1296, 1035, 910, 767;
‘H NMR (400 MHz, CDCI3) 6 8.02 (d, 2H, J= 7.96 Hz), 7.55 (d, 2H, J= 7.91 Hz), 7.35
(t, 2H, J,= 7.47 Hz, 72 = 7.62 Hz), 7.18 (t, 2H, 7; = 7.78 Hz, 72 = 7.66 Hz), 5.38 (s, IH),
5.29 (s, IH), 3.56 (s, IH), 1.93 (s, 3H) ppm; NMR (400 MHz, CDCI3) 5 140.83,
134.92, 130.65, 129.54, 126.93, 126.14, 122.84, 121.22, 89.67, 87.98, 68.16,22.97.
2-TrimethyIsilanyl-Ethynyl-Benzaldehyde (64)^’
A solution of2-bromobenzaldehyde (50) (5 g, 27 mmol), palladium acetate (0.12 g, 0.5
mmol), triphenylphosphine (0.14 g, 0.5 mmol), trimethylsilyl acetylene (7.62 mL, 54
mmol), and triethylamine (40 mL) was heated to reflux for 48 hours. The reaction mixture
was then filtered, solvent evaporated by rotary evaporator, and the crude oil was dissolved
in dichloromethane. The crude product was purified by silica gel chromatography eluting
with dichloromethane and recrystallized fi'om hexane to afford 64 (2.29 g, 42%) as pale
yeUow crystals, mp 55-56 “C ; IR (neat, cm*‘) 2968, 2906, 2862, 2763, 2160, 1700,
1600, 1401, 1252, 854, 767 ; ‘H NMR (400 MHz, CDCI3) 5 10.53 (s, IH), 7.88 (d, IH, 7
= 8.29 Hz), 7.55-7.48 (m, 2H), 7.40 (t, IH, 7= 7.41 Hz); NMR (400 MHz, CDCI3)
5 191.67, 136.18, 133.65, 133.58, 128.76, 126.83, 126.73, 102.36, 100.07, -0.07.
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(2-Bromo-PhenyI-EthynyI)-Trimethyl-Silane (66)
A solution containing l-bromo-2-iodobenzene (65) (4 g, 14.1 mmol), copper iodide
(0.107 g, 0.56 mmol), palladium acetate (0.127 g, 0.56 mmol), triphenylphosphine (0.148
g, 0.56 mmol), trimethylsilyl acetylene (2.39 mL, 16.96 mmol), and triethylamine (40 mL)
was refluxed for 20 hours. The reaction mixture was filtered and the solvent was
evaporated by rotary evaporator to give a dark oil. The crude product was purified by
silica gel chromatography eluting with hexane to afford compound 66 (3.11 g, 87%) as a
yellow oil. ER (neat, cm’*) 3061, 2968,2906,2166, 1476, 1432, 1258, 1035, 861; H*
NMR (400 MHz, CDCI3) 5 7.56 (d, IH, J= 7.97 Hz), 7.49-7.47 (dd, IH, J, = 1.32 Hz, J2
= 1.35 Hz), 7.22 (t, IH, y= 7.39 Hz), 7.13 (t, IH, J= 7.28 Hz); NMR (400 MHz,
CDCI3) 6 133.57, 132.37, 129.75, 127.48, 126.88, 125.78, 125.31, 103.16, 99.58, 0.21.
Attempted Synthesis ofBis-(2-TrimethyIsilanyIethynyl-Phenyl)-Methanol (67)
A solution containing compound 66 (0.25 g, 0.98 mmol) and magnesium (0.031 g, 1.2
mmol), a small crystal of iodine, and dry diethyl ether (5 mL) was refluxed for 1 hour and
stirred at room temperature for 12 hours. Additional magnesium (0.1 g, 3.9 mmol) was
added to the solution and the reaction mixture was refluxed for 8 hours. A small amount
of the reaction mixture was quenched with water. Analysis by GC-mass spectroscopy
showed that no reaction occurred. Starting material 66 was recovered (0.22 g, 88%).
251.8-Diiodoanthraquinone (69)
A solution containing 1,8-dichloroanthraquinone (68) (2 g, 11 mmol), sodium iodide (5.4
g, 36 mmol), and nitrobenzene (20 mL) was refluxed for 3 hours. After cooling the
solution to 150 "C, copper-bronze (0.138 g) was added to the solution and the mixture
was refluxed for 16 hours. The nitrobenzene was removed by steam distillation and the
brown residue was recrystallized fi'om chlorobenzene to afford 69 (1.38 g, 42%) as red
crystals, mp > 245 (could not be measured with available equipment); IR (neat, cm'^)
1672, 1587, 1317, 1109, 741; ‘H NMR (400 MHz, CDCI3) 5 8.38 (d, 2H, J= 7.90 Hz),
8.28 (d, 2H, J= 7.67 Hz), 7.35 (t, 2H, 7= 7.72 Hz).1.8-Bis-TrimethylsUaDyl-EthynyI-Anthraquinone (70)
A solution of 1,8-diiodoanthraquinone (69) (0.2 g, 0.44 mmol), palladium acetate (0.004
g, 0.017 mmol), triphenylphosphine (0.0046 g, 0.017 mmol), trimethylsilyl acetylene (0.18
mL, 1.3 mmol), and triethylamine (40 mL) was refluxed for 2 days. The reaction mixture
was filtered and solvent was evaporated using a rotary evaporator. The crude product
was purified by silica gel chromatography eluting with hexane to give 70 (0.08 g, 44%).
m (neat, cm'*) 2960, 2924, 2862, 2157, 1689, 1321, 1255, 848; NMR (400 MHz,
CDCI3) 5 8.23 (d, 2H, 7= 7.67 Hz), 7.91 (d, 2H, 7= 7.71 Hz), 7.65 (t, 2H, 7= 7.56 Hz),
0.34 (s, 18H)ppm; ‘"’C NMR (400 MHz, CDCI3) 6 182.43, 180.18, 141.33, 134.54,
133.48, 132.25, 127.07, 123.42, 103.73, 102.01, 0.11.
10-Hydroxy-10-(3-Methyl-But-3-en- 1-ynyi)1,8-Bis-TrimethyIsilany1-Ethyny1-1OH-
Anthracen-9-one (71)
A solution containing 2-niethyl-l-buten-3-yne (62) (0.04 mL, 0.417 mmol) in dry THF
(10 mL) was cooled to -78 “C in a dry ice/acetone bath. Butyllithium (0.199 mL, 0.398
mmol) was added to the solution and the reaction mixture was stirred at -78 "C for 30
minutes. Compound 70 (0.076 g, 0.189 mmol) dissolved in dry THF (10 mL) was added
via syringe to the reaction mixture and stirring was continued for 1 hour at -78 "C and for
20 hours at room temperature. The reaction mixture was then poured on ice, extracted
with ether, dried over magnesium sulfate, and filtered. The ethereal solution was then
concentrated on a rotary evaporator to give 0.11 g ofyellow solid. The crude solid was
purified by silica gel chromatography eluting with hexane ; methylene chloride (1 : 2) to
afford compound 71 (0.0552 g, 55%) as a yellow solid, mp 186 - 188 “C; IR (neat, cm'*)
3446, 2968, 2906, 2228, 2153, 1687, 1575,1464, 1265, 858; ‘H NMR (400 MHz,
CDCI3) 5 7.96 (d, 2H, 7= 7.64), 7.58 (d, 2H, 7= 7.64), 7.50 (t, 2H, J= 7.66), 5.19 (d,
2H, 7= 6.37), 3.23 (s, IH), 1.75 (s, 3H), 0.33 (s, 18H); NMR (400 MHz, CDCI3) 5
180.88, 143.63, 136.16, 131.81, 131.77, 126.46, 125.49, 123.36, 122.42, 104.29, 100.54,
89.25, 87.91, 66.75, 22.93, 0.01; Elem. Anal. Calcd. for C29H3oSi202 C 74.63, H 6.48,
found C 74.47, H 6.60.
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10-Hydroxy-1,8-Diiodo-10-(3-Methyl-But-3-en-1-ynyl)-1OH-Anthracen-9-one (72)
A dry THF solution (10 mL) of2-methyl-l-buten-3-yne (62) (0.17 mL, 1.74 mmol) was
cooled to -78 °C in a dry ice/acetone bath. Butyllithium (0.65 mL, 1.30 mmol) was added
to the solution and the reaction mixture was stirred at -78 °C for 30 minutes. 1,8-
Diiodoanthraquinone (69) (0.2 g, 0.44 mmol) dissolved in dry THF (15 mL) was added
via syringe to the reaction mbcture and stirring was continued for 1 hour at -78 "C and for
20 hours at room temperature. The reaction mixture was then poured on ice, extracted
with ether and dried over magnesium sulfate. The ethereal solution was then concentrated
on a rotary evaporator to give 0.347 g ofyellow solid. The crude solid was recrystallized
from dichloromethane to afibrd 72 (0.17 g, 74%). mp>250 °C (could not be measured
with available equipment); IR (neat, cm'*) 3546, 2986, 2924, 2856, 1694, 1588, 1445,
1296, 1134, 904, 786; ‘H NMR (400 MHz, CDCI3) 5 8.05 (d, 2H, J= 7.94 Hz) 8.00 (d,
2H, J= 7.68 Hz), 7.19 (t, 2H, J= 7.45 Hz), 5.32 (d, 2H, J= 15.19 Hz), 3.01 (s, IH),
1.85 (s, 3H) ppm; NMR (400 MHz, CDCI3) 5 185.34, 143.90, 142.35, 133.78,
132.73, 131.86, 125.58, 125.26, 123.97, 89.50, 87.53, 66.95, 22.94; Elem. Anal. Calcd.
for C19H12I2O2 C 43.38, H 2.30, found C 43.50, H 2.29
1,8-Dichloroanthrone (73)
A solution of 1,8-dichloroanthraquinone (68) (10 g, 36.1 mmol), aluminum (5.9 g,
mmol), and concentrated sulfuric acid (108 mL) was stirred at room temperature for 20
hours. The reaction mixture was then poured on ice water. The yellow solid was then
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filtered, washed with water, air dried, and extracted with dichloromethane. The solvent
was evaporated on a rotary evaporator to give 8.175 g ofpale orange solid. The solid
was recrystallized fi'om hexane to afford compound 73 (5.22 g, 55%). mp 165-166 “C;
m (neat, cm‘‘) 3078, 2861, 1683, 1594,1440, 1248, 1139, 775, 736; ‘H NMR (400
MHz, CDCI3) 5 7.35-7.34 (dd, 2H, J, = 1.38 Hz, = 5.29 Hz), 7.27-7.26 (dd, 2H, J, =
1.77 Hz, 72 = 1.44 Hz), 4.14 (s, 2H); ‘^C NMR (400 MHz, CDCI3) 5 183.30,140.81,
133.37, 132.00, 131.62, 130.16, 126.31,33.76.
1,8-Diiodoanthrone (74)
A solution containing 1,8-diiodoanthraquinone (69) (0.3 g, 0.65 mmol) and aluminum (3.5
g) and sulfuric acid (20 mL) was stirred at room temperature for 18 hours. The solution
was then poured on ice water, the solid filtered, and dissolved in hot dichloromethane.
The solvent was evaporated to give compound 74 (0.12 g, 45%). mp > 245 "C; IR (neat,
cm'*) 3067, 2930, 2856, 1675, 1563, 1420, 1128, 873, 761; ‘H NMR (400 MHz, CDCI3)
5 7.99 (d, 2H, 7= 7.71 Hz), 7.37 (d, 2H, 7= 7.58 Hz), 7.09 (t, 2H, 7= 7.78 Hz), 4.12 (s,




4.1. Intramolecular Coupling of 2,2’-Dibromo-Phenyl Methanone
The synthesis of target compoimd 55 was successfully achieved in several steps
starting from commercially available 2-bromobenzaldehyde 50. A synthetic flow chart is
shown in Fig. 4.1. Benzoin condensation of 50 in KCN/EtOH/H20 was performed
following a literature procedure^^, affording compounds 51 and 52 in 64% and 11.1%
yield, respectively.
Figure 4.1 Synthetic Flow Chart of Target Compounds 55
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Compound 52 was also isolated from the benzoin condensation reaction of50. In
order to confirm the presence of 52, compound 51 was oxidized with nitric acid at 100 ®C
for two hours affording 52 as determined by comparison of their spectroscopic
characteristics. The infrared spectrum of52 shows a sharp absorption signal at 1674 cm’*
corresponding to the C=0 stretch. The carbonyl carbon signal is also present in the *^C-
NMR at 191.12 ppm. Recrystallization of compound 52 in dichloromethane/hexane (2:1)
afforded single crystals suitable for X-ray crystal structure determination.^ An ORTEP
diagram is shown in Fig 4.2.
Figure 4.2. ORTEP Diagram of l,2-Bis-(2-BromophenyI)-Ethane-l,2-Dione (52)
Treatment of 51 with Na0H/KBr03/H20 followed by oxidation with pyridinium
chlorochromate in dichloromethane was performed following a literature procedure^,
affording compound 54 in 46% yield. The hydroxy absorption (FT-IR) found in 51
disappears in 54, and the absorption signal for the C=0 stretch appears at 1679 cm’*. The
carbonyl carbon signal in *^C-NMR occurs at 6 195.28 ppm which is shifted upfield from
the corresponding a-hydroxy ketone 51 and downfield from the a-diketone 52.
Recrystalization of compound 54 in EtOH afforded single crystals suitable for X-ray
crystal determination. An ORTEP diagram is shown in Fig. 4.3.^^
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Figure 4.3. ORTEP Diagram ofBis-(2-Bromophenyl)-Methanone (54)
Compound 54 was used as the basic building block for the synthesis of target compound
55. Modified Heck coupling conditions for 54 with trimethylsilyl acetylene afforded
compound 55a (Fig. 4.1) in 62% yield. FT-IR, ‘H-NMR, and ^^C-NMR spectra of 55a
are shown in Figures 4.5, 4.6 and 4.7, respectively. FT-IR spectrum (Fig. 4.5) shows
absorption peaks at 2110 and 1675 cm’* corresponding to C=C and C=0 stretches,
respectively. The ‘H-NMR of55a (Fig. 4.6) shows the TMS protons as two singlets at
0.24 and 0.14 ppm. The carbonyl carbon signal in *^C-NMR (Fig. 4.7) occurs at
□ □ 185.26 ppm which is shifted upheld from the corresponding bis-2-bromophenyl-
ketone 54. The signal for the acetylenic carbons show at 110.85 and 108.05 ppm which
are shifted downfield from the corresponding trimethylsilyl acetylene (93.40 and 90.30
ppm), whereas the signals for the vinylic carbons occur at 150.05 and 126.48 ppm.
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Recrystalization of compound 55a in EtOH afforded single crystals suitable for X-ray
crystal structure determination as shown in Fig. 4.4.
Figure 4.4. ORTEP Diagram of Target Compound 55a
Figure 4.5. Infrared Spectrum of 10-<1,3-Bis-Trimethyisiianyl-Prop-2-Ynylidene)-10H-Anthracen-9-one (55a)
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Figure 4.6. Proton NMR Spectrum of 10-(1,3-Bis-Trimethylsilanyl-Prop-2-Ynylldene)-10H-Anthracen-9-one
(55a)
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Modified Heck reaction conditions for compound 54 with phenyl acetylene and 1-hexyne
afforded compounds 55c and 55d, in 76% and 40% yield, respectively. FT-IR, *H and
'^C-NMR of 55c are shown in Fig 4.8, 4.9 and 4.10, respectively. FT-IR spectrum of55c
(Fig. 4.8) shows absorption peaks at 2191 and 1662 cm'* corresponding to the C=C and
C=0 stretches, respectively. The carbonyl carbon signal in *^C-NMR (Fig. 4.10) occurs at
185.12 ppm which is shifted upfield from the corresponding bis-2-bromo-phenyl ketone
54, whereas the signals for the acetylenic carbons occur at 99.69 and 92.13 ppm which are
shifted downfield from the corresponding phenyl acetylene (83.80 and 77.40 ppm).
Compound 55d (Fig. 4.1) was synthesized from the treatment ofketone 54 with 1-
hexyne in Pd(OAc)2/Ph3P/Et3N. Monitoring the reaction by GC-MS showed that
dimerization of alkyne occurs faster than the coupling of the acetylene with compound 54.
As a result, a longer reaction period and an excess of the acetylene were required for the
preparation of target compound 55d. FT-IR, *H, and *^C-NMR spectra ofcompound 55d
are shown in Figures 4.11,4.12, and 4.13, respectively. FT-IR spectrum of 55d (Fig.
4.11) shows absorption peaks at 2209 and 1669 cm'* corresponding to the C=C and C=0
stretches, respectively. *^C-NMR of 55d in Fig. 4.13 shows the carbonyl carbon at 185.77
ppm which is shifted upfield from the corresponding ketone 54.
Figure 4.8. Infrared Spectrum of 10-(1,3-Dlphenyl-Prop-2-Ynylidene)-10H-Anthracen-9-one (55c)
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Figure 4.10. C-13 NMR Spectrum of 10-(1,3-Diphenyl-Prop-2-Ynylidene)-10H-Anthracen-9-one (55c)





fcH m s[S m ^1 inculcv !U ID mlml mVfulcxi mloi c\i
w<|
o
I • ' "T" t J » • I • I 1 ■ ir ' I ■ I' ' 1 . ' I " I-" ' r T I I
Pim 0 6 4 2 ' 0






ioo 7' I .; 80
Figure 4.13. C-13 NMR Spectrum of 10-(1-Butyl-Hept-2-Ynylldene)-10H-Anthracen-9-one (55d)
Modified Heck reaction conditions ofcompound 54 with various terminal alkynes are
summarized in Table 4.1.
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R=Si(CH3)3 1 2110, 1675, 1606 185.60, 150.05, 126.48, 110.85,108.05, 1.35, -0.04
II O
1 2191, 1662, 1606 185.12, 140.35 123.06, 99.70,
92.13
R=CH3CH2(CH2)2* 1 2209, 1669, 1600 180.77, 140.46, 126.56, 100.21,82.78
Attempts at isolating 55b (Fig. 4.14) as the reaction intermediate in the conversion of54
to 55a were not successful. In every attempt, product 55a was obtained (46%).
Pd(OAc)2. Et]N
Figure 4.14. Attempted Synthesis ofCompound 55b
Similar attempts to synthesize 55d and 55e (see Fig 4.15) under the modified Heck









55d r = ch20h
Figure 4.15. Modified HeckReaction Conditions of 54 with Propyn-3-ol and
Compound 59
At this point it is not understood why the propargyl alcohol and 4-prop-2-ynyl-
morpholine
(59)^^ are unreactive under these conditions.
4.2. Palladium Coupling Reaction of l^Rw-(2-Bromo-Phenyl)-Ethane“l»2-
Dione with Trimethylsilyl Acetylene.
In order to investigate whether the tandem modified Heck reaction of di-bromo
ketone 54 is due to the proximity of the halo subunits, compound 52 (in which an extra C
= O unit bridges the aromatic functionalities) was submitted to the modified Heck
reaction conditions with TMS-acetylene. The bis-Heck-product compound 60, was
obtained in 56% yield. Apparently, the incorporation of an additional carbon between
the aromatic rings prevents the intramolecular coupling process. FT-IR, ^H, and
NMR spectra of compound 60 are shown in
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Figure 4.16. Synthesis ofCompound 60
Figures 4.18, 4.19, and 4.20, respectively. FT-IR spectrum of60 (Fig. 4.18) shows
absorption signals at 2166 and 1681 cm'* corresponding to the C=C and C=0 stretches,
respectively. The *H NMR of 60 (Fig. 4.19) shows the TMS protons in 60 as a singlet at
5-0.17 ppm. The carbonyl carbon signal in *^C-NMR (Fig. 4.20) occurs at 192.22 ppm
which is shifted downfield relative to 52. Recrystalization of compound 60 in hexane
afforded single crystals suitable for X-ray crystal structure determination as shown in Fig.
4.17.^
Figure 4.17. ORTEP Diagram ofCompound 60
Figure 4.18. Infrared Spectrum of 1,2-Bis-(2-Trimethylsilanyl)-Ethane-1,2-dione (60)
Intigra]
Figure 4.19. Proton NMR Spectrum of 1,2-Bis-(2-Trimethylsilanyl)-Ethane-1,2-dlono (60)
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Figure 4.20. C-13 NMR Spectrum of 1,2-Bis-(2-Trimethylsllanyl)-Ethane-1,2-dlone (60) 00
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An alternative to the preparation of compound 76 is an
oxidation/decarboxylation/oxidation reaction of compound 61. Attempts at preparing
compound 61 by applying modified Heck reaction conditions onto compound 51 were







Figure 4.21. Attempted Synthesis of Compound 67
Compound 60 was obtained in 35% yield. The FT-IR hydroxy absorption found
in 51 disappears in 60. The carbonyl carbon signal in NMR of 60 is shifted upfield
relative to 51. A schematic flow chart for the synthesis of 60 is shown in Fig. 4.21.
4.3. Attempts to Prepare Compound 67 through Grignard Reaction
In an effort to prepare 67, a Grignard approach was investigated. The strategy
called for the coupling of the organomagnesium complex derived from
66 and magnesium with aldehyde 64 (Fig. 4.22). All of our attempts to form the
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7MS TMS
Figure 4.22. Attempted Synthesis ofCompound 67
organomagnesium complex failed, as evidenced by careful monitoring of the reaction
progress via GC-MS. In all cases, bromide 66 was unreactive. This was not the case with
bromo iodo 65 because it could be converted easily to compounds 53a and 53b (Fig.
4.23).
Br OH X
Figure 4.23. Synthesis ofAlcohols 53a and 53b
The GC-MS spectra of compounds 53a and 53b are shown in Figures 4.24 and 4.25,
respectively, and their FT-ER spectrum is shown in Fig 4.26.
Figure 4.24. GC-MS Mass Spectrum of B/s-(2-Bromo-Phenyl)-Methanol (53a)
K)Figure 4.25. GC-MS Mass Spectrum of 2-Bromo-2’-lodo-Phenyl-Methanol (53b)
-<I»
Figure 4.26. Infrared Spectrum of Compounds 53a and 53b
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4.4. Palladium Catalyzed Coupling of Dihalo Anthraquinone
A related system of interest was the anthracene framework because it offers
rigidity over the corresponding benzophenone derivatives. The synthesis of 70 was
successfully achieved in two steps starting from the commercially available 1,8-
dichloroanthraquinone 68. A synthetic flow chart for compound 70 is shown in Fig. 4.27.
TMS TMS
Figure 4.27. Synthesis of Compound 70
The dichloroanthraquinone 68 was successfully converted to the diiodoanthraquinone 69
following a literature procedure^*, in 42% yield. FT-ER. and *H-NMR spectra of69 are
shown in Figures 4.28 and 4.29, respectively. FT-IR spectrum of 69 (Fig. 4.28) shows an
absorption peak at 1676 cm'* corresponding to the C=0 stretch. The aromatic protons of
69 are shifted upfield relative to the dichloroanthraquinone 68.
Modified Heck reaction conditions for 69 with trimethylsilyl acetylene afforded
70 in 44% yield. FT-IR, *H, and *^C-NMR spectra of 70 are shown in Figures 4.30,4.31,
and 4.32, respectively. FT-IR spectrum shows absorption
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Figure 4.29. Proton NMR Spectrum of 1,8-Diiodoanthraquinone (69)














Figure 4.31. Proton NMR Spectrum of 1,8-B/s-Trimethylsilanylethynyl-Anthraquinone (70)
Figure 4.32. C-13 NMR Spectrum of 1,8-B/s-Trimethylsilanylethynyl-Anthraquinone (70)
VC
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peaks at 2157 and 1689 cm"' corresponding to the C=C and C=0 stretches, respectively;
whereas C=0 stretch for compound 69 occurs at 1672 cm *. *H NMR of70 (Fig. 4.31)
shows the TMS protons as a singlet at 0.34 ppm. *^C- NMR of 70 (Fig. 4.32) shows the
triple bond carbons at 103.73 and 102.01 ppm, and the carbonyl carbons at 182.43 and
180.18 ppm, whereas the carbonyls for compound 68 appear at 182.00 and 181.60 ppm.
4.5. Attempts to All^late Bis>Alkyne Anthraquinone with Vinyl Lithium Reagents
Attempts at synthesizing compound 78 were unsuccessful. However, compound 71 (Fig.
4.33) was isolated in 55% yield. FT-IR, *H, and NMR spectra of 71 are shown in
Figures 4.34,4.35, and 4.36, respectively. FT-IR spectrum of 71 (Fig. 4.34) shows





Figure 433. Attempted Synthesis ofCompounds 75 and 78
Figure 4.34. Infrared Spectrum of 10-Hydroxy-10-(3-Methyl-But-3-En-1-Ynyl)-1,8-B/s-
TrimethylsilanylethynyMOH-Anthracen-9-one (71)
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Figure 4.35. Proton NMR Spectrum of 10-Hydroxy-10-(3-Methyl-But-3-En-1-Ynyl)-1,8-B/s-
Trimethylsilanylethynyl-10H-Anthracen-9-one (71)
ON
Figure 4.36. C-13 NMR Spectrum of 10-Hydroxy-10-(3-Methyl-But-3-En-1-Ynyl)-1,8-B/s-
TrimethylsIlanylethynyl-10H-Anthracen-9-one (71)
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'H-NMR of 71, Fig. 4.35, shows the hydroxy proton in 71 as a singlet at 3.23 ppm. The
carbonyl carbon signal in ‘^C-NMR spectrum of compound 71, Fig. 4.36, occurs at 180.90
ppm, and the quaternary hydroxylic carbon appears at 66.75 ppm. The second carbonyl
signal found in 70 is not present in 71.
Treatment ofcompound 69 with the lithio anion of62 also resulted in the
formation of the corresponding 10-hydroxy- product 72 in 74% yield. Fig. 4.37. The FT-
IR, ^H-NMR, and *^C-NMR spectra of72 are shown in Figures 4.38, 4.39, and 4.40,
respectively. FT-IR spectrum of 72 shows absorption peaks at 3546 and 1694 cm'*
corresponding to the 0-H and C=0 stretches, respectively. *H-NMR of 72, Fig. 4.39,
shows the hydroxy proton as a singlet at 3.0 ppm. The carbonyl carbon signal in
NMR occurs at 185.3 ppm, whereas the quaternary hydroxylic carbon appears at 66.9
ppm. Recrystallization of compound 72 in dichloromethane afforded single crystals
suitable for X-ray crystal structure determination.^ An ORTEP diagram is shown in Fig.
4.41.
X O X
Figure 4.37. Synthesis ofCompounds 71 and 72
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Figure 4.39. Proton NMR Spectrum of 10-Hydroxy<1,8-Diiodo-10-(3-Methyl-But-3>En-1-Ynyl)-10H-
Anthracen-9-one (72)
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Figure 4.41. ORTEP Diagram ofCompound 72
In order to direct the alkylation process to the 9* position, anthrones 73 and 74 were
formed by selectively reducing the corresponding anthraquinones 68 and 69 in AI/H2SO4
(Fig. 4.42).
X O X X O X
Figure 4.42. Synthesis ofCompounds 73 and 74
The FT-IR, *H-NMR, and ‘^C-NMR spectra of 73 are shown in Figures 4.43,
4.44, and 4.45, respectively. The FT-IR, ‘H-NMR, and *^C-NMR spectra of74 are
shown in Figures 4.46,4.47, and 4.48, respectively.
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Figure 4.44. Proton NMR Spectrum of 1,8-Dlchloroanthrone (73)
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Figure 4.45. C-13 NMR Spectrum of 1,8-Dichloroanthrone (73)
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Figure 4.46. Infrared Spectrum of 1,8-Diiodoanthrone (74)
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1500
Figure 4.47. Proton NMR Spectrum of 1,8-Diiodoanthrone (73)
Figure 4.48. 0-13 NMR Spectrum of 1,8-Diiodoanthrone (74)
CONCLUSIONS
The cyclic tandem Heck coupling reaction of ketone 54 with terminal alkynes has
proven to be a useful route to the synthesis of functionalized anthraquinone derivatives.
Synthesis of target compoimds 55a, 55c, 55d was successful as determined by
spectroscopic data and x-ray crystallography. Attempts at synthesizing target compounds
55b, 55d, and 55e were unfruitful. Reacting diketone 52 with trimethylsilyl acetylene
did not give a cyclization product due to the preferred rrans-conformation of □-diketone
compounds. The modified Heck reaction ofboth compounds 51 and 52 with
trimethylsily acetylene afforded the bis-substituted compound 60. Attempts to synthesize
compound 67 from the Grignard reaction of 66 with 64 were unsuccessful. Compound
66 was unreactive towards magnesium as determined by GC-MS. Future work will
include the application of the Heck coupling reaction of anthracene derivatives such as
compounds 73 and 74 with terminal alkynes in the synthesis of 3-cumulenals. These
cumulenals will be used in the synthesis ofNeocarzinostatin model compounds which
are known to selectively cleave tumor DNA.
75
REFERENCES
1. Silva, S. O., Watanabe, M., and Snieckus, V. J. Org. Chem. 1979,44,4802-4808.
2. Owton, W. M., Brunavs, M., Miles, M. V., Dobson, D. R. J. Chem. Soc. Perkin
Trans. 1995, i, 931-934.
3. Sartori, G., Bigi, F., Tao, C. J. Org. Chem. 1995,60,6588-6591.
4. Adam, W., Ganeshpure, P. A. Synthesis 1993,280-282.
5. Amoto, M. M., Minami, Y., Ukaji, Y., Kinoshita, H., Inomata, K. Chemistry Letters
1994,1149-1152.
6. Netto-Ferreira, J. C. Can. J. Chem. 1993, 71,1209-1215.
7. Negishi, E., Coperet, C., Ma, S., Liou, S., Liu, F. Chem. Rev. 1996,96,365-393.
8. Meyer, F., Parsons, P. J., Meijere, A. J. Org. Chem. 1991,56,6487-6488.
9. Tour, J. M., Negishi, E. J. Am. Chem. Soc. 1985,107,8289-8291.
10. Nguefack, J., Bolitt, V., Sinou, D. Tetrahedron Lett. 1996,37,5527-5530.
11. Campbell, I. B. Organo Copper Reagents, IRL Press, 1994, pp 217-235.
12. Rossi, R., Carpita, A., Beilina, F. Organic Preparations andProcedures Int. 1995,
27,127-156.
13. Kondo, K.,Mikiko, S., Mori, M., Shibasaki, M. Tetrahedron Lett. 1993,34,4219-
4222.
14. Dieck, H. A., Heck, F.R. J. Organometallic Chem. 1975,93,259-263.
76
77
15. Owczarczyk, Z., Lamaty, F., Vawter, E. J., Negishi, E. J. Am. Chem. Soc. 1992,
114, 10091-10092.
16. Grigg, R., Sridharan, V., Sukirthalingam, S. Tetrahedron Lett. 1991,52,3855-3858.
17. Trost, B. M., Lautens, M. J. Am. Chem. Soc. 1985,107, 1781-1783.
18. Fukuda, Y., Matsubara, S., Utimoto, K. J. Org. Chem. 1991, 56, 5812-5816.
19. Rawal, V., Michoud, C., Monestel, R. J. Am. Chem. Soc. 1993,115, 3030-3031.
20. Trost, B. M., Chung, Y. L. J. Am. Chem. Soc. 1985,107, 4586-4588.
21. Lee, W. Y., Park, C. H., Kim, Y. D. J. Org. Chem. 1992, 57, 4074-4079.
22. Garcia, J. G., Asfaw, B., Rodriguez, A., Fronczek, F. R. Molecular Structure of 1,2-
bis-(2-Bromophenyl)-ethane-l,2-dione. J. Chem. Cryst. 1998, in press.
23. Birman, V. B., Chopra, A, Ogle, C. A. Tetrahedron Lett. 1996, 57, 5073-5076.
24. Lednicer, D., Metscher, L. A Organic Chemistry ofDrug Synthesis, John Wiley
and Sons, Inc. 1991, Vol. 1, chapter 14, pp 409-411.
25. Brandsma, L., Verknujisse, H. D. Synthesis ofAcetylenes, Allenes, and
Cumulenes: A Laboration Manual p. 228.
26. Garcia, J. G., Asfaw, B., Rodriguez, A., Fronczek, F. R. Molecular Structure of 1,2-
bis-(2-Trimethylsilylethynylphenyl)-ethane-l,2-dione. J. Chem. Cryst. 1998,
Submitted.
27. Bedard, Thomas C., Moore, Jefiferey S. J. Am. Chem. Soc. 1995,117, 10662-71.
28. Thalji, R. K., Garcia, J. G, Asfaw, B., Rodriguez, A, Fronczek, F. R. Acta Cryst.
1997, C55, 1138-1139.
29. Yamamoto, G, Oki, M. Bull. Chem. Soc. Jpn., 1990, 63, 3550-3559.
